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That is, 

AverageNewImageColorJL = DesiredColor_L 

5 Block 360 converts the NewImageColor L, a, b values back to RGB so that they may be 

displayed on the display screen which uses RGB format. They may also be converted into sRGB 
values. This conversion is accomplished by first converting the NewImageColor L, a, b values to 
XYZ tristimulus values and then converting them further into RGB colors. Block 370 then 
applies the particular monitor profile for the particular display screen being used so that the 

10 NewImageColor L, a, b values are displayed as they were intended to look. This procedure for 
applying a particular monitor profile is described in ICC Profile API Suite Version 2.0 - 
Professional Color Management Tools, Eastman-Kodak Company, 1997, and as such is herein 
incorporated by reference. Block 380 outputs rendered image 335 (see Fig. 15). The output 
includes, but is not limited to, display on a display screen, printing, saving on disk, or transmitting 

15 the image to another. 



Example of color rendering method 3QQ and co lor adjustment 

This example illustrates how to render a person's achievable color for Light Mahogany 
Brown shade using color rendering method 300. A color adjustment is also illustrated. 

For Light Mahogany Brown shade, the color adjustment factors were determined to be +5 
for L, +2 for a, and +5 for b. Accordingly, the predicted colors must be modified as follows: 



Desired L = Predicted L + 5 
Desired a = Predicted a + 5 
2 5 Desired b = Predicted b + 2 



Assume six CIE Lab color readings of the person's hair have been made and that the 
average CEE Lab color is (14.16, -5.06, 4.54). According to the prediction model for Light 
Mahogany Brown color, the achievable output color will be: 

30 

Predicted L = 7.307 + (0.5948 x 14.16) = 15.73 

Predicted a = 0.0104 + (0.0868 x 14.16) + (0.580 x -5.06) + (0.2085 x 4.54) = -0.75 
Predicted b - -3.3911 + (0.2831 x 14.16) - (0.0190 x -5.06) + (0.3187 x 4.54) = 2.16 
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Next, the predicted values are modified according to the color adjustment values for Light 
Mahogany Brown, as shown: 

Desired L = 15.73 + 5 = 20.73 
Desired a = -0.75 + 5 = 4.25 
Desiredb = 2.16 + 2 = 4.16 

So, the function of color rendering method 300 is to read an image and recreate a new 
image that will have an average L, a, b hair color vahie of (20.73, 4.25, 4.16). 

Next, according to blocks 310 and 320, the working image is read, and then masked, 
wherein these images are typical to the ones shown in Fig. 15. 

Next, according to block 330, the image will then be converted from Red-Green-Blue to 
CIE Lab color. Assume image consists of 640 x 480 (= 307200) points with each point having 
three values - one each for Red, Green, and Blue. At this step, for every point in the image, the 
Red, Green, Blue values will first be converted to three XYZ tristimulus values according to 
following equations: 

r= Red/255.0 
g = Green/255.0 
b = Blue/255.0 

if (r < or - 0.03928), then r - r/12.92, else r = ((rf 0.055)/ 1 .055) 2 * 4 

if (g < or = 0.03928), then g = g/12.92, else g - ((g+0.055)/1.055) 24 

if (b < or - 0.03928), then b - b/12.92, else b = ((b+0.055)/l .055) 2 * 4 

X - (0.41 24*r + 0.3576*g + 0.1 805 *b) 
Y = (0.2126*r + 0.7152*g + 0.0722*b) 
Z = (0.0193 *r + 0. 1 192*g + 0.9505*b) 
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Then the three XYZ tristimulus values are converted to the CIE Lab values according to the 
equations given below. 

Xnorm = X/0.95 
Ynorm = Y/1.0 
Znorm = Z/L09 

if (Ynorm> 0.008856), 

then fY - Ynorm m and L - 116.0*fY - 16.0 

else L = 903.3* Ynorm 

if (Xnorm> 0.008856), 

then fX = Xnorm, 1/3 

else fX = 7.787*Xnorm + 16/1 16 

if (Znorm> 0.008856), 

then fZ = Znorm 173 

else fZ = 7.787*Znorm + 16/116 

a=500*(fX-fY) 
b = 20Q*(fY-fZ) 

For example, for an image point with a Red, Green, Blue values of (198, 130, 111), these 
equations will yield CIE Lab values of (60.1, 24.1, 21.1). 

Next, according to block 340, average values for L, a, and b, will be computed. At this 
stage, the image will have all (i.e. 640 x 480 = 307200) its points converted from Red, Green, 
Blue values to CIE L, a, b values. For all the points within the area containing hair, average L, a, b 
values are computed by routine math (i.e.: sum / # of points). For purposes of this example, it is 
assumed that the average L, a, b vales are (26.7, 10.1, 15.2). 

Next, according to block 350, new L, a, and b values will be computed. Each point 
within the area of the image containing hair is changed according to the equations discussed 
above in block 350. Assuming average L, a, b vales of (26.7, 10.1, 15.2) and current point color 
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values of (59.3, 30.4, 18.4), to obtain a new image with average L, a, b color values of (20.73, 
4.25, 4.16) as predicted for Light Mahogany Brown, the new L, a, b color values for this specific 
pomt will be changed to; 

New L = 59.3 + (20.73-26.7) = 53.33 
New a = 30.4 + (4.25-10.1) * 24.55 
New b = 18.4 + (4.16-15.2) = 7.36 

Once all the points in the image within the area containing hair have been converted 
according to the above technique, new image (i.e.: rendered image) will have an average L, a, b 
color value of (20.73, 4.25, 4.16), which is the predicted (i.e.: desired) color for Light Mahogany 
Brown. 

Next, according to block 360, the L, a, and b values will be converted to RGB values. At 
this stage, the new image which is in L, a, b format (e.g., CIE Lab) must be converted back into 
RGB (Red, Green, and Blue) format. This procedure is accomplished by first converting L, a, b 
values into three XYZ tristimulus, and then converting the three XYZ tristimulus values into RGB 
values. This procedure may be accomplished by the following technique: 

Lplusl6By25 = (L+16.0)/25.0 
CubeRootOflBylOO = 0.21544 
fX = a/500.0 + CubeRootOflByl00*Lplusl6By25 
fY = Lplusl6By25 

fZ = CubeRootOflByl00*Lplusl6By25 - (b/200.0) 

Xnorm=0.95 *fX 3 0 
Ynorm=1.0*fY 30 /100.0; 
Znorm= 1.09*fZ 30 

r = ( 3.2410*Xnorm - 1.5374*Ynorm - 0.4986*Znorm) 
g = (-0.9692*Xnorm 4- 1.8760*Ynorm + 0.0416*Znorm) 
b = ( 0.0556*Xnorm - 0.2040*Ynorm + 1.0570*Znorm) 
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if(g < = 0.0030 4 ), *e„ g =12.92*g, elseg= L *3<t • 
if(b <=0.00304), thenb= 12.92 *b, elseb = 1.055 *b -0.055 



Red = 255.0*t 
Green = 255.0*g 
Blue = 255.0*b 



• t with Lab values of (60.89, 24.08, 21.12) these 
For example, for an image point with L, 
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WHAT IS CLAIMED IS: 

« A hair color based upon at least one starting hair 
! A method for identifying an achievable end han co br 

andcombinationsthereof. ftfteciDien t's hair is indicated using values selected 

5 The method of Claim wqci 

c) the amount of damage determined by 

consisting of: . 

i intuitiveself-assessmentbytheredpient, 

• tllorphysicalassessmentbytherecipientoranother, 
„. visualorpny fa ffleasuxes hair damage, 

iii assessment usmg a device vrau. 

iv . chen ncalassessmentoftherecipient' S han,and 

v. combinations thereof; and 

d) combinationsthereof ble end hair color is performed 

6 T.e.nethodofClaiml.whereinsaidident.fymgofana 

by acolorpredictionalgorithm. calculates ^ achievable 

end hair color usm& 

techniqueofsaidatleastonestartinghairvalue. 
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8- The method of Claim 1 fi lrf i. 

as a desired end hair color. ^ ^ may ^ working image 

9- The method of Claim 8 wherein th P r u 

^^d^^,^^ ^ fa ^ 0W ^°»»«Wec.l„rtn g . 8eMt( , 

display device, cahode cay abe device, end , ^ ^ 

1 2. The method of Claim 1 h 

«*«<, *«d aetbod *- " 1- - «, hair value „. 

<0 '^"^one,,^^ 
°) "^.fMycotosetaion;..* 

* -M of Ctaia u rr^ 8 '"'™ 1 " ^olocsetaion. 
15- A melhod f„ M ^ „„ "W to achieve said s.taion. 

U,J " ,W °S™*«l.I« e i 1 dl»dr„lor 

c) ""■*» rob — — ^ ilMge to . 

values; s ™ ge t0 L > a , and b color 

• «•*«, evened L, ,, „ d b 

values; ng said L > a, and b color 

cote and '-""""'"''^MaaidacnWaN, 

end hair 

0 conve rting said new L, a, and b color values to converted RGB values. 
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desired end hair color, the method of Claim 10. 

+ k a of Claim 17, wherein said method is cona 
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Fig. 7 
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Wh,t type of colour do you iw«* to achieve 




Fig. 8 



|^| Light Mahogany Brown 
Light Brown 
|^| Light Chestnut Brown 



Light Auburn Brown 



Lightest Brown 



a 



Lightest Golden Brown 
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Compute new L,a,b values 

' p 


— 350 


i — — — £^Z— IZ 

|ConvertL ) a J b values to RGB values - 


-360 


A PPiy monitor profile 


'370 
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Fig- 15 
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Welcome screen 




Frequency of coloring? 
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Average length of hair? 
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Eye color? 
igjgo skin color) 



Take readings 



Amount of hair damage? 
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Family color? 



150 



160 



'210 



170 



Display achievable end colors 
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Fig 17 



